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Viability of in vitro preserved sperm of Harris’s hawk (Parabuteo unicinctus)
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Harris hawks (Parabuteo unicinctus) are the raptors with more anthropogenic use,
which makes it necessary to improve their reproduction either natural or assisted for
sustainable use even though they are not endangered. The aim of this study was to
determine fresh and thawed P. unicinctus sperm capacitation and acrosome reaction
parameters as indicators of sperm viability in ejaculates of birds with injuries. A total of 30
ejaculates were analyzed as fresh and thawed samples. Basic sperm evaluations as well as
in vitro acrosomal reaction capability through the presence and distribution of Ca2+ and N-
acetylglucosamine and sialic acid using chlortetracycline and agglutinin-fluorescein
isothiocyanate Triticum vulgaris were performed, respectively. Tagged samples were
observed using epifluorescence microscopy. The results indicated 30.00% decrease in
sperm viability following freeze-thaw, while rate of capacitated sperms (10.00%) and the
percentage of sperm with acrosomal reaction (40.00%) were increased. The results of the
experiment demonstrated that the post-thaw viability of the obtained sperm may be an

alternative for use in artificial insemination.

© 2021 Urmia University. All rights reserved.

Introduction

Conservation and sustainable use of wild species are of
great interest worldwide! and most of the raptors in
wildlife are included in some endangered categories. 2 It is
common to find these birds kept in captivity, taking part in
private collections and used either for falconry or
biological control of birds in airports.3

Harris’s hawk (Parabuteo unicinctus) is one of the
species with most presence in captivity and it is also
frequent to find some specimens of this species with
injuries, which even though these do not compromise
its life, they do avoid the natural reproduction of the
species being possible to be done in captivity through
assisted reproduction techniques;* nevertheless,
specific protocols are needed for each species such as
artificial insemination.

Sperm fresh preservationS and cryopreservation®
studies in wild birds use similar techniques as those used
in poultry; nevertheless, obtained results are diverse.
Different irregularities in plasmatic membrane of the
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sperm have been reported in Aquila chysaetus,’ Gallus
gallus, Meleagris gallopavo, Hieraaetus fasciatus and Falco
peregrinus as an effect of osmolarity,” on the other hand,
Buteo jamaicensis sperm membrane showed irregularities
in the carbohydrates distribution.8

Sperm cryopreservation is the main method of
preserving gametes for a long time; nevertheless, it has
been proved that this method modifies the lipid
organization in the sperm membrane®10 along with its
fluency! and carbohydrate content reductions.!? Also, it
produces damages in mitochondria, nucleus and acrosome
affecting the sperm capability of acrosome reaction (AR)
modifying its fertilization capability.?10

In avian sperm, AR can be induced naturally using
extracts of perivitelline layer (PVL). The capability of AR
can be assessed in vitro using chlortetracycline to determine
the presence and distribution of Ca?*, being associated to
the states of capacitation and AR of sperm.13.14

Another important aspect to take into consideration is
fluency of plasma membrane having a relevant function in
physiological restoration of the sperm after thawing.11
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In vitro indicators of capacitation and AR provide
information about the physiological state of the sperm to
predict its fertilization capability in vivo.’> The main
objective of this study was to determine fresh and thawed
P. unicinctus sperm capacitation and acrosome reaction
parameters as indicators of sperm viability in ejaculates of
birds with injuries.

Materials and Methods

During the natural reproduction season in the
months of March and April, 10 clinically healthy males
of 4 to 7 years old were selected, which were previously
attended because of physical injuries (fractures and
amputations). Ten specimens were included in the
study because they were donors of semen after one year
of recovery. Birds that did not ejaculate were not included
in the study. The hawks were kept in Bird of Prey
Rehabilitation Center, Aguascalientes, Mexico (21°50°55.5”
N 102°17°12.8” W). All the animals were treated
worthily and respectfully, according to NOM-062-Z00-
199916 and to the management plan authorized by
Secretary of Environment and Natural Resources (Mexico),
registered as INE/CITES/ DGVS-CR-IN-AV-0035-AGS./00.

Seminal obtaining. The ejaculates were collected
through dorso-ventral massage after three training
sessions. Three ejaculates were obtained from each
specimen, achieving 30 ejaculates in total and ejaculates
contaminated with feces or urates were discarded. Each
ejaculate was aspirated with a graduated micropipette
(Pipetman® 0.20 - 10.00 pL; Gilson, Madrid, Spain) in
which the volume of ejaculate was determined and
preserved in 50.00 puL of Lake extender (LE) containing
0.1135 M sodium glutamate, 0.04 M fructose, 0.05 M
potassium acetate and 0.0056 M magnesium acetate (all
reagents used were from Sigma-Aldrich, St. Louis, USA).17

Seminal evaluation. The percentage of sperm with
progressive motility was estimated with microscopy at
40x (BX51; Olympus, Miami, USA) in aliquots of 15.00 pL
of semen at 37.50 °C. Sperm concentration was quantified
using a Neubauer chamber.818 Sperm from a 10.00 pL
aliquot was stained with Eosin-Nigrosin and through an
optic microscope, viability and morphology were
determined in 100 sperms of each sample.818

Seminal cryopreservation. Aliquots of 50.00 pL with
5.00 x 10 sperms were prepared with LE and 64.10 M
dimethyl sulfoxide (DMSO) was added, preserving them in
straws of 0.25 mL. Straws were taken from 37.00 °C to
5.00 °C in 10 min at a rate of -3.20 °C per min, at 5.00 °C,
they were equilibrated during 5 min, the cooling speed
was -5.00 °C per min and later freeze was carried out
during 10 min in liquid nitrogen vapors 3.00 cm far from
surface.’® The aliquots were sub-merged in liquid nitrogen
during 30 days before thawing, which was performed at
37.00 °C during 30 sec.

Evaluation conditions. In both, fresh and cryo-
preserved samples, aliquots of 5.00 x 106 were adjusted
to 50.00 uL with LE for capacitation condition (CC)2° or
with LE and 20.00 uL of PVL to induce AR condition
(ARC), both conditions were incubated at 38.00 °C for
30 min.21

Capacitation and acrosomal reaction indicators.
Presence and distribution of Ca2?* in the spermatozoa
membrane and mitochondria were determined in
aliquots with 5.00 x 106 sperms in LE, which were
incubated during 10 min with 0.90 M chlortetracycline
in darkness. 1422 To determine membrane carbo-
hydrates, Triticum vulgaris (WGA) agglutinin was
applied for specific determination of sialic acid and N-
acetylglucosamine. The used lectin was conjugated with
fluorescein isothiocyanate (Sigma-Aldrich). Aliquots
with 5.00 x 106 sperms in LE having 5.00 pL of WGA-
FITC (20.00 pg mL-1) were incubated during 30 min at
38.00 °C. The aliquots were immediately washed in LE
at 600 g for 5 min. The formed pellet was fixed in 1.00%
paraformaldehyde in LE.8 In both experiments, after the
incubation period, the slides were prepared and
observed using the fluorescence microscope (Olympus)
at 100x (488 nm excitation and > 560 nm emission).
Image analysis was performed using the Image-Pro Plus
Software (version 6.2.1; Media Cybernetics, Silver
Spring, USA). Two hundred sperms per preparation
were counted to determine the proportion of
capacitated sperms as well as those with AR capability
determined with chlortetracycline.2®> The fluorescent
pattern also describes the presence and distribution of
sialic acid and N-acetylglucosamine® in the sperm
surface. In each of the evaluations, the presence and
distribution of Ca?* and membrane carbohydrates were
determined with the respective fluorescence patterns,
which were similar in every evaluation and associated
to intact, capacitated and AR sperm (Figs. 1 and 2).

Statistical analysis. The PAST Software (version 3.17;
Hammer and Harper, Oslo, Norway) was used to perform
the Mann-Whitney test to determine differences among
motility, viability, morphology, CC and ARC. A value of p <
0.05 was considered significant.24

Results

Basic evaluation parameters. Average volume of
each obtained ejaculate was 17.00 pL with a range of
10.00 to 20.00 pL; the concentration of each ejaculate
was 3,525 + 175 x 106 sperms. In fresh semen, sperm
showed motility of 72.20% and viability of 95.30%,
both higher (p < 0.05) than percentages determined in
thawed semen: 16.80% and 58.10%, respectively.
According to sperm morphology, there were not
significant differences (p > 0.05) between fresh and
thawed samples (Table 1).
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Table 1. Basic evaluation in recently ejaculated and thawed
samples of Harris’s hawk (Parabuteo unicinctus). Data are
presented as mean * standard deviation.

Parameter Fresh semen Thawed semen
Motility 7720+ 1.602 16.80+0.70b
Viability 95.30 £ 0.602 58.10+8.70b
Normal morphology 97.70 £ 2.002 97.00 £ 0.502
Head abnormalities 2.20+0.202 140+£040a
Neck abnormalities 240+ 0.202 090+0.202
Tail abnormalities 1.80+0.202 0.70+ 0302

ab different letters indicate statistical significant difference
(p < 0.05). Same variables are compared in different conditions.

Sperm physiological status. It was showed that in
CC assessment of fresh and thawed semen, the
percentages of intact sperms were higher (p < 0.05)
than percentages of sperms with AR. On the contrary, in
ARC, the percentages of intact sperms in fresh and
thawed semen were lower (p > 0.05) than percentages of
sperms with AR (Table 2). The percentages of intact
sperms in the CC were always higher (p < 0.05) than
percentages determined in those incubated in ARC. On the
other hand, percentages of sperms with AR in CC were
lower (p > 0.05) than those determined in ARC. The
findings showed the AR capability following co-incubation
with PVL as a natural inductor of AR, proving different
sperm subpopulations in intact sperm, capacitated ones
and those with AR. In regard with capacitated sperms, the
percentages determined showed always intermediates
values, suggesting the presence of intact sperm sub-
populations in transition to become sperms with AR.

Discussion

The results demonstrated that cryopreservation
affected basic sperm parameters. Viability decreased
approximately 40.00%; similar studies have reported that
cryopreservation decreases sperm viability significantly
up to 85.00% in G. gallus, 64.00% in Numidia meleagris
and 67.00% in M. gallopavo. The motility of 16.80% in

P. unicinctus sperms cryopreserved with DMSO was
obtained; compared with other study,® in which DMSO
was used as a cryoprotectant, a motility of 36.00% in
rooster sperms, 42.00% in pheasant sperms and
34.00% in B. jamaicensis sperms was showed.

Fluorescence patterns identified with the applied
techniques showed a physiological indicator different form
the one identified in the basic evaluation. The results of
this study regarding fresh and thawed semen
demonstrated a similar behavior among sperm parameters
of capacitation and AR, associated with assessments
performed. The findings showed that the percentages
were lower when the parameters were determined in CC
and higher when determined in ARC, due to the use of PVL
as a natural inductor of AR as it contains ZP1 protein
which is an AR inductor in birds sperm.25

These results met proportions showed in the study
done by Ochoa et al, in recently ejaculated semen of M.
gallopavo analyzed under the same method, where it was
determined that it has the same tendency, in which it is
shown an intact sperm percentages of 72.40%, capacitated
sperms (9.30%) and sperms with AR (2.70%).23

In fresh semen, similar parameters of intact and
capacitated sperms could be a result of the eventual
collection of the ejaculates in specimens without
frequent reproductive activity, due to the fact that
mature produced sperms stay in the deferens duct;
nevertheless, they do not have the adequate conditions
for storage or decapacitation which was mentioned in
this study as intact sperms, following their maturation,
capacitation and AR which has been demonstrated to be
induced by Ca?* ions, naturally present in secretions of
the deferens duct!1?2 without these processes being
stopped in the male reproductive tract.

The results referred to sperm parameters in CC, can be
confirmed as it has been demonstrated in vivo that these
are associated with the oviduct secretions?¢ stabilizing
sperm membrane?’ being described in vivo in the female
reproductive tract.20

Table 2. Capacitation and acrosomal reaction percentages in sperms of fresh and thawed Harris’s hawk semen (Parabuteo unicinctus).

Data are presented as mean * standard deviation.

Fresh semen

Thawed semen

Sperm

CcC ARC CC ARC

CTC determination

Intact 61.50+1.602+ 22.60 £ 1.40 «- 4410+ 3.00b+ 10.60 + 1.60 B-
Capacitated 2210+ 1.10a+ 25.30 £ 1.60 «+ 32.70 +1.70 b+ 2590 +2.10 «-
Acrosomal reaction 16.80+1.30a+ 51.40+1.30¢- 23.00+2.40b+ 63.40+3.10 -
WGA-FITC determination

Intact 41.60+250a+ 21.10+£2.40«- 50.80 £ 1.50 b+ 10.40 +1.20 8-
Capacitated 42.00 +£3.602a+ 39.00 £2.70 «+ 32.30+£2.70 b+ 39.00 £ 2.00 «-
Acrosomal reaction 1640+1.70a+ 39.80+£3.10 - 16.70 £1.50 a+ 50.40 +2.30 8-

CC: Incubation in sperm capacitation condition without perivitelline layer; ARC: Incubation in acrosomal reaction condition co-incubated
with perivitelline layer; WGA-FITC: Wheat germ agglutinin-fluorescein isothiocyanate. CTC: Chlortetracycline. In CTC or WGA
determinations: When comparing fresh vs thawed CC sperm parameters, different letter (a, b) indicate statistical differences (p < 0.05).
When comparing fresh vs thawed ARC sperm parameters, different symbol (o, ) indicate statistical differences (p < 0.05). In fresh or
thawed semen when comparing sperm percentages in CC or ARC, different symbol (+, -) indicate statistical difference (p < 0.05).
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On the other hand, it has been proved that cryo-
preservation affects membrane fluidity as well, which
could compromise the fertilization capability of sperm!!
and probably induce membrane alterations, which could
be related with the capacitation and AR indicators
determined in this study. When comparing the tolerance
ranges to cryopreservation with different cryoprotectants
in different avian species, it has been observed that sperms
are physiologically different;28 the results in this study
demonstrated that sperm capacitation and AR capability
can be modified by the cryopreservation process. Diverse
studies have indicated that avian sperms do not require
the capacitation or hyper-activation processes to achieve
the AR and fertilization capability as well 2229

The results in this study demonstrated evidence of
parameters making possible the measurement, showing
the necessity to recognize the physiological status of
sperm, in order to perform specific studies in each
species allowing to develop protocols and more efficient
and specialized sperm preservation extenders,
additional to the evaluation technique validation
contributing to determine in vitro viability to predict
in vivo fertilization capability.

Acknowledgments

National Council of Science and Technology, Mexico
City, Mexico for the scholarship 570806 granted to
Cuauhtémoc Cruz Valencia.
Conflict of interest

There are no conflicts of interest of any kind.

References

1. Varadi E, Végi B, Liptéi K, et al. Methods for
cryopreservation of guinea fowl sperm. PLoS One

2013; 8(4): e62759. doi:10.1371/journal.pone.
0062759.
2. CITES. Convention on international trade in

endangered species of wild fauna and flora. http://
www. https://cites.org/eng/disc/text.php. Accessed
30 March 2021.

3. Méndez P, Curti M, Herrera de Montuto K, et al. The
birds of prey didactic guide on environmental
education [Spanish]. Panama: The Peregrine Fund/
Fondo Peregrino 2006; 27:37.124.

4. Murray M, Pizzirani S, Tseng F. A technique for
evisceration as an alternative to enucleation in birds of
prey: 19 cases. ] Avian Med Surg 2013; 27(2): 120-127.

5. Villaverde-Morcillo S, Garcia-Sanchez R, Castafio C, et
al. Characterization of natural ejaculates and sperm
cryopreservation in a golden eagle (Aquila chrysaetus).
] Zoo Wildl Med 2015; 46(2): 335-338.

6. Long JA. Kulkarni G. An effective method for improving
the fertility of glycerol-exposed poultry semen. Poult
Sci 2004; 83(9):1594-1601.

7. Blanco M, Gee G, Wildt DE, et al. Species variation in
osmotic, cryoprotectant, and cooling rate tolerance in
poultry, eagle, and peregrine falcon spermatozoa. Biol
Reprod 2000; 63(4):1164-1171.

8. Herrera JA, Quintana JA, Lopez MA, et al. Individual
cryopreservation with dimethyl sulfoxide and
polyvinylpyrrolidone of ejaculates and pooled
semen of three avian species. Arch Androl 2005;
51(5): 353-360.

9. Xia LJ, Lalli MF, Ansah GA, et al. Ultrastructure of
fresh and frozen-thawed spermatozoa of high and
low fertility lines of chickens. Poult Sci 1988;
67(5):819-825.

10. Celeghini ECC, Arruda RP, Albuquerque R, et al
Utilization of fluorescent probe association for
simultaneous assessment of plasmatic, acrosomal, and
mitochondrial membranes of rooster spermatozoa.
Braz ] Poult Sci 2007, 9(3): 143-149.

11. Blesbois E, Grasseau I, Seigneurin F. Membrane fluidity
and the ability of domestic bird spermatozoa to survive
cryopreservation. Reproduction 2005; 129: 371-378.

12. Long JA. Avian semen cryopreservation: what are the
biological challenges? Poult Sci 2006; 85(2):232-236.

13.Barbas JP, Mascarenhas RD. Cryopreservation of
domestic animal sperm cells. Cell Tissue Bank 2009;
10(1):49-62.

14. Gonzalez-Santos JA, Avalos-Rodriguez A, Martinez-
Garcia JA, et al. Sperm morphophysiology in different
sections of the rooster reproductive tract. Int ] Morphol
2019; 37(3):861-866.

15. Lemoine M, Grasseau |, Brillard JP, et al. A reappraisal
of the factors involved in vitro initiation of the
acrosome reaction in chicken spermatozoa.
Reproduction 2008; 136(4):391-399.

16. de Aluja AS. Animales de laboratorio y la Norma Oficial
Mexicana (NOM-062-Z00-1999) [Laboratory animals
and official Mexican norms (NOM-062-Z00-1999)].
Gac Med Mex 2002; 138(3):295-298.

17.Lake PE, Ravie O. An exploration of cryoprotective
compounds for fowl spermatozoa. Br Poult Sci 1984;
25(1):145-150.

18.Ricart MC, Breininger E, Rodriguez PC, et al
Participation of membrane adenylyl cyclase in heparin-
induced capacitation in cryopreserved bovine
spermatozoa. Andrologia 2015; 47(1):30-36.

19. Peldez ], Bongalhardo DC, Long JA. Characterizing the
glycocalyx of poultry spermatozoa: IIl. Semen
cryopreservation methods alter the carbohydrate
component of rooster sperm membrane glycol-
conjugates. Poult Sci 2011; 90(2):435-443.

20. Bakst MR, Bauchan G. Apical blebs on sperm storage
tubule epithelial cell microvilli: their release and



C. Cruz-Valencia et al. Veterinary Research Forum. 2021; 12 (2) 137 - 141 141

interaction with resident sperm in the turkey hen
oviduct. Theriogenology 2015; 83(9):1438-1444.

21. Ochkur SI, Kopeika EF, Suraj PF, et al. The influence of
cryopreservation on parameters of energetic
metabolism and motility of fowl spermatozoa.
Cryobiology 1994; 31(3):239-244.

22.Lemoine M, Mignon-Grasteau S, Grasseau I, et al.
Ability of chicken spermatozoa to undergo acrosome
reaction after liquid storage or cryopreservation.
Theriogenology 2010; 75(1):122-130.

23.0choa F, Val D, Juarez A, et al. Identification of the
functional state of the plasma membrane of native
turkey sperm during the cryopreservation process
[Spanish]. AICA 2014; 4:123-125.

24.Hammer @, Harper DAT, Ryan PD. PAST: Pale-
ontological statistics software package for education
and data analysis. Palaeontol Electron 2001; 4(1): 1-9.

25.Sasanami T, Murata T, Othsuki M, et al. Induction of
sperm acrosome reaction by perivitelline membrane
glycoprotein ZP1 in Japanese quail (Coturnix japonica).
Reproduction 2007; 133(1):41-49.

26.Vargas Ibarra AK, Carcoba-Pérez SA, Avalos-Rodriguez
A, et al. In vitro sperm storage with poultry oviductal
secretions. Vet Res Forum 2020; 11(3):207-211.

27.ouard V, Hermier D, Blesbois E. Changes in turkey
semen lipids during liquid in vitro storage. Biol Reprod
2000; 63(5):1450-1456.

28.Bakst MR, Sexton T]. Fertilizing capacity and
ultrastructure of fowl and turkey spermatozoa before
and after freezing. ] Reprod Fertil 1979; 55(1):1-7.

29.Lemoine M, Dupont ], Guillory V, et al. Potential
involvement of several signaling pathways in initiation
of the chicken acrosome reaction. Biol Reprod 2009;
81(4):657-665.



